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NOTES FROM tHE EDITORS 



' From time to fime we get letters of inqulryfrom some of. our 

colleagues who serve 3s abstractors, wanting to know when their 
article will appear in print. For the benefit of those people, 
whose effor^ts we really appreciate, as well as for the Information) 
of other reader^, we though t we woul^ pull' together a description of 

the production of an issue of Investigations In Science Education . 

* ' ^ 

The present procedure, which has not changed since I.S.E,/ 

was begun. Is to draw the bulk of the articles to be abstracted and 

analyzed from document resumes in the ERIC system which have befen 

t 

* Identified as relating to educational research or as research reports . 
Once these articles' have .been Identified, ttie apprpprlate journals, 
ere located and xerox qaples of the articles' are -made^ This saves 

"the abS'tractor the effort of going to &ls/t|er personal or Institution's 

library to get the issue contalirlng the article to* be reviewed. 

I 

" The editors then attem^. to match articles and abstractors, 

^ using the sheets completed by the abstractors which identify the research 

topics, science content (if any), dnd educational level. of subjects 
Involved In thetesegrch. Articles ,^ along with a set of the guidelines 
^or abstractors and an agreement specifying when the abstract/analysis 
is due are mailed by the editors. j 

When an abstract/analysis Is received, the author is sent a post'^ 
card so that he/she knows the material has been received. The copy Is 
then edited so chat Ifi confoms to the usual^ format fo'r I;S.fe,. Our 



ill ^ 
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priinary casks here seem co\be' changing headings of the abscracc/ 
analysis so chey are che same as^ chose in past iss\^s in cerms or 
BO end puncCi&cion and capicalizacion (frequencly-);' correccing 
typos (occasionally)j checking wlch che abscracto^ for clcacidns 
,for quot;e$ or adding references, idencified in thf body of the 
article buc noc included ac che end of che abstraccor's analyAs 
^frorn time co time)* 

While these casks ate being compleced, che second copy of che 
abscracc/analysis (which we always request and usually receive) 
is on its way Co che auchor of c^je original arcicle, wich a l^tcer 
Suggescing chat he/she may wish co respond cd .questions raised by 
the abscraccor* If we receive only one copy of the abstract/analysis, 
we xercBc this before beginning our editing* By sending the 
macerial to che author (or firsc ajichor| jLf more than on^ name is 
listed), we hope to encourage more dialogue Chan has caken place 
in pasc issues , ' » ^ ^ 

Once che copy has been^ediced, ic is given Co a.cypisc Co "format ' 
fot publicacion in I*S*£* When whac we hope is final copy is r^ce^ved 
we 4gain read ic, checkihg for typographical errors « When correccions 
' if needed, are made, we assemble a sufficienc number of pages of * 
copy for an issue. 

When an issue has been assembled^' universicy policies dictate 



that ic *be' seuc out for bids to various princing firms. This prd^ 

cipe delay .'in che production process* ^ 



cedure adds an addicional 



Afcer che bidding process 



1 ■ ^ 

is compleced, che copy goes co che princer. 



koA we wait>, for che^recurn 6i the finished product. 



Iv 



As soon aa possible after copies of an Issue of I.S.E, are. 
delivered to the ERIC Center, we mall out copies to subscribers > 
to the authors whose abstract/analysis material Is IncIHtded In 
that Issue, and to| the I.S*£. advlsory^board. Additional copies 
are available for ^al^ atL^|;|MC. I.S.E: also iV^allable on 
microfiche and Is tperefore available at any location housing an 
,ERIC collection. 

. 'Thl'b may Kave ^old you more than you cared ,to know about 
the steps Tj.n producing an Issue of Investigations in Science 
Education . However , 
d6e8 not Immediately 



we 'hope that It explains why your copy 
appear In print and why, although ^oubllshed 
four times a yea^j Issues may not appear at a particular time 
during the year as you h^d anticipated. 



Patricia E. Blosser 
^ Editor 



Robert L^. Steiner 
Associate Editor 
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Hill» B» W. **Us,ing College Chemiscry Co Influence Creatlvicy." Journal 
^ of Research in Science Teaching , 13(l):71-77, 1976." t 
' c Descripcorsk— ^Chemiscry; ^^College Science;^ *Ct/eaCivicy; *Crea- 
' 'tivity Tescs; Educac ional -tesearc h; Higher Educacion; 
M^aboraCory Techniques; Keasuremenc Instruments; Science 
-Education . - ' 

Expanded Abscracc an<f Analysis .Prepared Especially for I»SiE» by Richard 
J« Bady^ Mount Senarlo College. > 



Purpose . 

■ ■ > \ r 

The purpose of the study was twofold: 'to £lnd whetjier (1) deliberate 
instruction In the creative process can enhance c^reativlty and achieve* 
ment In chemlstzy, and (2) if^ the use of audio-visual materials^ can 
contribute to Increasing creativity of students* 



f Rationale ^ 



-^TKe framework of the study was "Guilford's moder of the structure of the 
' "Intellect. Specifically, it-was assumed that creativity requires diver- 
gent productloo"^. The author ^argued that encouragi^ng and rewarding 
- divergent production will foster creativity and that« in science^ the 
laboratory Is an Ideally suited context* 

The author developed her own test ofj creativity In (^eini&(^ but based 
It on Guilford's^ "The Minnesota Test of^ Creative Thinking.'*' 



Research Design and , Procedure • , ^ 

Subjectrs — One hundred anfl_ seventy-s^x studentsf^ enrolled in general 

1^ * * 

college chemistry served as subjects. Th€^ were divided Into four 

sections, three of which served as experimental groups; one ^ as 

Control. ^ w 



Pre'- and p08ttestB--iill subjects were pretested for cheiiistry achievemfent , 
knowledge of laboratory technique, and creativity in' chemistry. There 
were no significant differences on the pretests. After the one-barter 
chemistry course, all were' posttes ted on knowledge of lab technique and 
creativity In chemistry. ' . . ^ ' 

* ' * * / • 

Treatment — All students were told creativity in lab would|j::ount as one- 
fourth of their grade.'x^InstrUction^iith all students emphasized 
creativity . t The only difference between treatment and, control groups 
was that the treatnjent groups received the audio-visual instru(;tion iti 
additdiOn to the reg^lar lab instri|ption. 



Findings - ' . ^ 

The author reported that both the , treatment and control groups improved 
over pretest scores in both knpwle^^e of lab technique and creativity. 
In addition, the experimental groups exceeded the control on the^ost- 
test for creativity. Uhile it was asserted' that the differences were 
significant, neither th^ data^ nor the statistics used were given. 



Interpretations ' ^ ,^ - . 

The author concluded that (1) laboratory technique is improved as a 
result of audio-visual instruction, and (2) teaching and rewarding 
creativity can increase creative abili^fl^s. 
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ABSTRACTOR'S ANALYSIS 



Interpretation (1) The author concluded that, because the treatment 
groups exce^ed control on the posttest 5or lab technique, A-V instruc- 
tloJD was productive^ Any other result would be surprising. ' However, 
the data given are insufficient 'to warrant even this-modiest conclusion.. 
It appeared that t-tests or some similar simple method *was used. 



since both groups received the test twice (pre- and.ptfst^), repeated 

measures analysis of variance Is a more appropriate test* This might, 

however, confirm the stated results, . 
* ' • * 

Jnterpretcrtton (z) — All groups were trained In creatflvlty and all groups 
Improved. However, since there was no control group receiving jio crea- 
tivity training, it is inipossible to attribute the Improvement to the 
training, the improvement m^y have been due to having taken the test 
before (no test-retest reliability is given), or metely dUe, to taking 
chemistry (3( wish. ). " 



Since the design of the study was Inadequate to test the hypotheses under 
consideration, the conclusion of the study is indeed suspect. ^ 



Bolllday, Vllllam G. and Lawrence L« Brunner. ^differencial 'Cognitive 
and Affective Responses to Flow Diagrams In Science." Jotimal of 
Research In g^clence Teaching , 14 (2) : 129^-138, 1977. 
^ Descriptors — Academic Achievenent: *Blology; *EduciaClonal 
^.Research; *Flo9 Charts; ^Instruction; Science Education:. 
Secondary Education; ^Secondary School Science; /Verbal 
^ ^ ^ Ab^Hty; Visual Aids ^ . 

Expanded Abstract and Analysis Prepared Especially fpr .I.S.E.'^b.y 
tfavld L. Dunlop, University ^f Pittsburgh at Johnstojbm, 



Purpose ' , 

The purpose <ff this study was to investigate differential cognitive 
and affective responses 'Mde by high school biology students and 
teachers toward two different flow diagrams; a picture-word diagram 
and a block-word diagram. An implied cognitive hypothesis predicted 
that learners who are low verbal perfomers and who are^ provided with 
tKe plcture-vofcd diagram ^uld score significantly higher than*(hose" 
learners^ who 'are also low verb^ per^tftmers and who are provided with 
the block-word dlag^ram* High verbal performers were hypothesized pot 
to respond differently to either diagram. Implied affective hypothec 
ses predicted that l^mer^ would prefer using the pititure-word 
diagram rather than the block-word diagr^, au4 chat biology teachers 
vojild prefer that ^heir students use the picture-word diagram^^ 




Rationale * 

' * * * 

The rationale for this study is based upon the assumption that the 
line drawings of concrete concepts in the pi^ture*word diagram would - 
generally faQllltate verbal recall. On the other hafid, the lack of ^ 
lli(!ie drawings In^the block-word diagram would require a learner to 
'Ideittify (i.e.., encode and remember) 'the same concrete concepts with- 
out a picture. This rationale, acco^Lng to the authors, is consistent 
vlth recent work donq in imagery (Paivio, 1973) and aptitude-treatment 
Interaction j(Cronbac}i and Sno*^fcl969; Hpnt, 19^5).. ' ^ 




Eighty-three students enrolled In an Introductory high school biology 

Course lit Calgary, Alberta, were randomly chosen from a larger sample 

pool of 207 students. ' the verbal ability of each subject jtf^s assessed 

through fhe use of V-2 test 'from the Kit of Reference Tefets for Cognl- 

m, ; . ' T 

tlve Factor^ (French, Ekstrom, and Prl$e,^1965).^ Eabh sub-ject was also 

given a pretest *whfch consisted o£ 30 multlple-chofcfe questions which 

requlrett the subjects to ':answer re'tentlon, test qu^tlons ^hlch were. 

'developed from the rephrased ^and. recomblned Instructive questions^ 

presented In each treatment. " * . • * 

■ * 

The Independent variables comprising the treatments consisted of either 
a picture-word dia^am or a block-word dlagram,r The plctuVe-word, dia- 
gram was adopted from Spangenberg's (1971) coherent ^ajgrams aitd con^ 
slated of stylized line drawings Illustrating concrete concepts and 
logically positioned labels of more technical concepts joined by 
arrows. The block-word diagram was adopted from Cropper's (1970) "big 
picture" verba^l diagram and consisted 6f printed words and uncolored 
block figures or colored line drawings* The authors state 'that the 
jsame 37 concepts were Included In both diagrams and the same 22 instruc 
tlve questions were used In each Instructional treatments Students did 
not^ receive feedback to their Instructive question answers for re^sPns 
discussed by Anderson Cl970a). " ^ 

The students were randomly -assigned to the picture-word or the block- . 
word diagram treatment »group , and the Subjects were Instructed to 
learn the material and answer the instructive questions In vritingT 
In an attempt to Induce* posl^ve motivation the subj^ts W^ere told 
Ithat the results of their totaj scores dn a subsequent multiple-choice 
Verbal ^ost-te6t would be a good indlcatoi^ of their ability to under- 
stand science information, and that their scoreg would be sent to their 
biology teacher.' * 

^ t . . 

V 

After the treatment was completed, a post**test, identical to the .pre- 
test, was administered to each student. Finally, each student was 
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given a questionnaire which ask^d the question, **Which visual illus- 
tratioa do you think vould h^p you understand t^his material the 
least? a) Visual 'A', b) Visual 'B' ?" The picture-word diagram was/ 
labeled "Visual V and the block-word diagram sample was labeled 
"Visual B". " ^ ■ , , . • 

Thlrt^;-three hl^h schoo^l biology teachers from the Calgary high 
schooLs were used-..as judge's, "^^rior to the administration of ^ny 
oaterials to the students, ^the judges^ere g^en sample copies of. 
the diagrams with an accompanying textual description of the diagrams 
and the post -test. The teacher questionnaire asked the question, ^ 
**Which viaual illustration do you think vould help^ Grade 10 biology 
students understand this material the best? a) Visual ^A*, b) 
Visual 'B'?" ' * ' 1 

Mujtii*le linear-regression analysis was used to evaluate the cog;ni- 
tlve, hypothesis. The post-test scores (dependent variable) from 
the picture-word and block-word groups constitut^ed the criterion 
vector. The pre-test scores c6nst;Ltuted. one of the predictprs and ^ 
acted, as a covariate in the regression equati6i>s. . Chi-square analy- . 
sla was used to examine the data generated by the student^nd teacher 
Questionnaires: , , 



Findings 

Multiple linear-regression analysis indicated that subject3 who were 
Tow Verbal performers and who were provided with the picture-word 
diagram scored significantly higher than did those low verbal learners 
pr^vided^with the block-word diagram, F (l,/7) 4.46, p^O.05. Fre- 
quency distribution data'suggest that the picture-word istudent 
subjects and the teacher judges generally favored the picture-word 
diagram; however, there was tjo evidence of the prefei^ence differ- 
ences by the bloc^-word student subjecta. toward either diagram, X 
(1) - 5-13, 'p<0,05. * *, ^ 
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Int-erpjetatlons ' \ ' 

The authors indicate that the findings of this study support the 
Linguisticrlmaginal Models* a synthesis of Paivio's coding and memory 
hypothesis concerning Images and verbal Information^ and Cronbach s 
aptitude-^treatment interaction hypjbthesis concerning individual 
differences^ Results from this study suggest that learner^ vith 
lower Verbal performance will have more difficulty learning from 
Certaia "verbally dependent*' science materials* such as block<-word 
diagrams. In contrast^ learners with higher verbaj. performance will 
have les^s difficulty learning fr^ verbally dependent material's. 
The authors conclude that science materials similar to those used 
1b this study should probably be well 'illustrated^ especially for 

V It ' \f ' ^ 

those students designated as low verbal, 

* 1 

^^^^^^ ' * ' - ^ 

ABSTRACTOR'S ANALYSIS \ ' ^ ' ' 

Research on cognition resulting from or. relating to pictorial and 
verbal symbols has appeared in the literature on several occasions 
since Lumsdalne (1949) reported the superiority of pictorial repre- * 
dentations over vefbal representations, Gagne and Rohwer (1969) con^ 
eluded that^ given a choic^^of method in presenting equivalent 
Information^ pictorial materials are superior to verbal representa^ 
tions^ and Spangen^erg (1971) found that a single diagram disp^lay 
often represents a more effective mediimi than does a textual descrip-^' 
tion. Therefore^ it came as no surpris^Vhen Holliday reported that 
Subjects who wer^ lo\^ verbal performers and who were provided with 
the^^picture-vord diagram scored significantly higher than chose^ow 
Verbal learners provided with the block-word ^diagram, NOr was^. it a 
Surprise to learn that students with lower 'verbal performance will 
have mo^e difficulty learning from certain verbally dependent science 

materials than will the students with higher verbal performance, 

* ' 'if 

Since these findings are not new^ it appears that their relevance 

• L 

is related to the support' of the Linguistic-Imaginal Model reported 
by Holliday (1976) 
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The aMChors indicated chac /che hypotheses would, predict specific 

outcomes; however^ the statement of the hypotheses^w^i implied rather 

• ' ■ i' ' ' " * ■ ' " * 

Chan specifically stated. This format is somewhat vague and could 

lead to confusion oh the-p!art of the reader. It would have been 

helpful to have mad&, expli|cit statements of the hypotheses under 

' consideration. Further^ if these statements were in the null fdrm^ 

it would help the reader to connect t)ie text with the statistical 

analysis. ^ , ^ 

Mt^n examining the research procedure^ the reasoning behind the deci- 
sion to omit feedback Co the students dinging their answering of the 
- instructive questions is not clear. The authors cite an article by ^ 
Anderson (i970a) as support for this decision with the Implication 
being that feedback Is of no- value. The validity of using Anderson's 
article as a basis for this decision is questionat^e^ at ^gt.' , 

, Although Anderson does make some statements concerning the lack of 
value'for Immediate feedback^ these statements were all In. relation^ 
ship to programmed instruction^ and this system of InstructiDn is not 
equivalent to a' flqw diagram with a $^ries of instructive questions^ 
Anderson cites Krumboltz and Welsman (fl962) CO point out that ^programs 
teach as much or more when Immediate reinforcanent is omitt^cl. Sulli~ 

^van (1967) and others believe that this ^phenomenon may be- the result^ 
of a gross short-circuiting of attention when the correct answer is 

Veadily availablk^ The* students may copy it (the answer) into the 
blank without reading the material in the frame. Anderson^- Kulhav^ 
and Andre (1970b) support this explanation and report t^t when, 'using 
a programmed Instruction syston phat insures that the subjects/respond 
prior to seeing the correct answer^ the group that always received 
feedback did significantly better on the crlter±6n test than the' 
group that never ^received feedback. "'^ 

Regardless of the validity of using Anderson^s art;4c:le as a basis £or 
omitting feedback^ one could ask If the lack of feedback is realistic 
in a typical' classroom setting. Frequently^ the cj.ass {ot teacher) 
wlll^discuss the material presented in a flow diagram pr;Loi; to evaluat- ^ 
ing the student's learning. Thus, as always^ one must be^'careful not 
to generalize beyond the constraints of this study. , ^ ' 

10 - 
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ABQCher question 'concetnlng ^'realism'* oiicurs when one realizes chat 

the subjects kn, thl^ study were told that the results of their total 

scores on the |>Pst-test would be a good Indicator of their ability 

to undetstand science Information^ and^that their scores would be 

sent to their bio logy ^teachers. Although It Is true cnat thesti 

Instructions may create a positive motivational set^ they also-may 

create a situation - (high motivation) not consistently present In the 

classroom. ^ 
I 

for this study the authors select^a pre^^test/postr^test contllol group 
design with the picture-word group being the ^perlmental gro^pt Al<- 
thoug^ aHe^uat^e, the des-lgrf could !\ave been strengthened through the 
use of a Solomon four-group design. This would have allowed for 
better control of the Interactlon'between the testing and the treat- 
mcnt. ^ 

Student preferences were assessed by distributing sample copies of 
both diagrams- and the student questionnaire item after the adminls* 
tration of the post*-test. Since the research design d^tated that - 

<an^ given student would have worked In depth with only one of the 
two possible types of diagrams^ one wonders what effect^ 1^ nny^ this 
bad on the students* preference toward one or Vhe other of the dia* 

'grams. - . ^ ^ 

A suggestion for future research would be to -examlne^the diagrams In 
tepQS of the amounj: of Information contained In each. One method 
of accomplishing t^ls would be to use techniques and procedures 
derived froiq InfoiHatlon theory. Several studies Otosev^ 1973; 
Dunlop) l974y'have used these techniques^ to' Investigate human cognl'- 
tlon. ^ Qtnpf leld (1973) alsQ used Information theory to study cognltloni 
and he reported that Information theory measure^ could be used to 
d€iscrlbe memory processing of human^ performing learning and recall 
^tastes on visual, displays. An application of similar techniques could ^ 
provide additional Information In this area of research. ^ ; 
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Holliday> William G. and Dah/ A. Harvey. . "Adjun'cc Labeled Drawings* 
In Teaching Physics Co Junior High School ScudenCs.'*^ Journal of 
Research in Science Teaching , ,13(1) :37-43, 1976. 

Descriptors — ^Diagrams; Educational Research; ^^Illustrations ; 
♦instructional Materials; Science Educatioh; *Secondary School 
iScienceV Secondary Education; Textbook Standards; *Vlfeual Aids 

* . 
Expanded Abstract and Analysis Prepared E&pecially for I.S*E« by Hans^ 
0* Anders e?h^ Indiana, University. , * ' 



. f urpose / 

The '^investigators * purpose in Conducting this study was to examine the 
effect of a science text description in comparj^son tp the same ^escri^y- 
tlon plus adjunct labeled drawings* More specifically, -the investiga- 
tors* purpose was tb determine if the addition of adjunct ^labeled 
drawings to science >text materials describing density^ pressure^ and 
Archimedes* Principle would facilitate verbal quantitative learning of 
ninth-grade junior high school physical 'science students. 



Rationale t 

Textbook authors commonly include lafe^led line diagrams in^booTcs.' It 
has been assumed^'t^t the addi^on^of the diagrams makes th^ book a 
more viable teaching tool. ^Research evidence supporting this^ a^sump- 
tlon is not available* Dwyer (1967» 4970, 1972) found that adjunct 
labeled diagraife of the heart generally were not an effective addi- 
tion ^o a text description when stibjects were asked to Identify those 
structure-function relationships commonly taught in high school biolo^ 
classes^ Samuels (1970) reviewed numerous studies of the effectiveness 
of pictures and discovered unanimous agreement among research conclu-^ 
slons indicating that pictures^ when used as adjuncts to' the printed 
fext, do not facilitate verbal 'comprehension. H'olliday (1973) Examined 
the science pictorial studies and concluded that '^st of fhem suffered 
from serious methodological or treattaent content problems* tn a later 



study (Holliday;^ 1975) he w:^ conclude that som^types of blo-^ 

logy textbook pictures can facilitate a'form of verbal comprehension^^ 
which led him to this present study* , * r/ ' 

14 ' . ' . / 



Rese arch and Design Procedure ^ ' \ ' ' ' ' # 

^ ^' ... • ^ - .. 

The^sfudy sample consisted of 61 students from middle class and .lower 

I 

middle class-hom^ who were enrolled in cjiree sections of a Junior 

Ijl^h school physical science course (air\ch grade). The 3Cu4ent9 ha^ . 

not been formally exposed Co the science principles described in the 

treatment ifecerials. Only those studentSvWho were ptesent on both 

f ^ ^ - ^ ■ 

days were included iti che,sci}dy. * ' . ' 

A Verbal ability test (FrencH; ec al., 1965) which is reporjted to have 

8 high loading on a single factor identified a$ s^m^ling a learner^s 

general ability Co; understand the English language was administered # 

to Che subjects'one week prior Co the Cw6-day experlmenc. The subjects 

were randomly assigned Co Che CexC or drawing^plus Cexc txeacmencs. ' 

On day one, all subjeccs scudied a densicy and pressure lesson and 

Completed the densicy-pressure posc^cesc. .On day Cwo^ all subjects 

studied an Archimedes' Principle lesson and cpmpleced che Archimedes^ ^ ^ 

Principle post-cesc. The combined raw scores on the cvo tests was 

used as che singular test' sco're in this sc'^dy. ' 

The texc inscruccional treacm^nc co^nsisc^d Orf a verbal quantltacive 
. deScripcion of densicy^ ^essure, and Archimedes^ Principle, with^ 
relate problems cheir solutions. Labeled line drawings pf geo- * 
metric conf iguraclons wete logically placed within che same materiajls 
to form che drawing-plus-cexc inscruccional treacmenc. An identicar 
Verbal quancitraiclve (non-piccorial) , mulciple\hoice pdsc-test was 
administered Co boch groups ac che conclusion of each' period of - 
Instruccion. This 21-iceffl scienc.e tesc .Tequtred scudencs Co spXp^e/' ^ 
quantltacive problems^ idencify che causje for che behavior of fluids, 
snd predict che behavior of fluids in terms of a given set or physicals 
conditions. 



Findings ^ * 



1* Subjects in Che drawing-plus- CexC Creacment ^scored ^significancly 
higher Chan their counterparcs in che cex^'-onl'y creacment group 
<P - 5,25, df -1/59, p. <^05>. ■ ^ , 



^ 2,. The dnccrnal consiscency reliability ,w^as calculated to .75 * 

using Cronbach*3 alpha. - - - : , . ^ ^ 

3, The subjects in chis study scored significantly lower on Che verbal ^ 
^ abllicy CesC ^French/ 1965) chan chose who pancj^dipated in^-cjie bio- 
logy cexcbook picCure scudy (F = 7.04» df^l/ll7» p. ^.01). 

lacerRreCacions ^ ^ * ' ,i ' ^ • • 

As Che resiilc of an earlier biology st;udy« Holliday conclude^- chac Che 
adtflcion of adjuncc labeled dryings Co a cexc enfleanced scudenc ^hieve* 
menC, The. generalizabilicy of cha'c conclusion was increased by*chis 
study which permlcced Che auchors Co c^6nclgude chac the*^ achievemenc of 
yiiunger scude^ncs wich^lover verbal abilicy ^coiries-^was similarly enhanced 
by including adjuncc labeled drawings in Che Cext, mate^rials^*^' Further- 
maref ic can be scaced chac ch^ findings excend che.^previous^ Work in cue 
^ummacion^ imagery and mocivaclon tio^ che .applied ^i^d of ^science 
classroom instruction. ' 4 • , ■ 

The auchors pointed ouc chat che^adjuncc labeled drawings -displayed^ 
text relevanc informacifon ^hac was Ifiypothecit^Sli^ di^f icultj >foj sub- 
jeccs Co incerprec ;^heh chey were given only cext'dtscripclons. These . 
, dlagraitf^ were also logically plaqed adjuncc Co ttie texc ^discussion 
which aipracCice ctiaC has generally been shoWn'^Co facilicace * 
learners ^(^ele» 1973). 7 ' 

The authors ^were similjLrly quj.ck CO' scace chac» whij:| an overall 
general* posicive effecc was reported^ ^ chere is raaspn co believe that* 
learners are dif f^rencially ' af fecced by various cypes oli^piccures. 
They cauc^n Che reader Co accepd Co Che ATI hypoChesf&.t(Cronb^h an^ 
SnoWf 1969) « which scaces chac , varying in^trucc^nal txeacmenCs and 
performance ^measures should ba evaluaCed in li^Kc cheo^ecica^ly 
^ relevanc learner characcer iscics or apcicuies. As a general conclu- 
Bion^ the auchors recommend chac adjunct labeled drawings displaying 
texc relevanc informacion abouC spacially orienCed s'^i^nce concepCBbe 



logical ly>4)laced chrpughouC a cexX, HcFWever, ,they note that the 
pervasive eff^cs of such pictures* under various classroom condlr- 
clons'la not well understood and thOat more explcwrajtion of potential 
advantages, disadvantages and procedures is needed*^ * ' ^ 

ABSTRACTOR'S ANALYSIS 

The textbook and text-like'instruction* have been-and will most likely 
continue to .be the major instructional device used by^students and* 
teachers. The fact that textboojpoproduction has proceeded without 
extensive research to detenaine which development practices and which 
loclusic^s make textbooks more valjiable ips truccional materlals^.ls 
characteristic of many things done in the name of education^ Holliday 

and Harvey also remind. us that there are many practices with histori- 

- ^ ^ f 

cal precedence that^are ingrained in our behavior, which lack research 
support, and tbat consideralile research is necessary if we are ever^ 
gplng ^o Succeed in our effork tp develop j»adividualis:ed instructional 
programs that truly meet individual needs, abilities and aptitudes. ^ 
The fact that adjunct 4^abeled drawings are extensively used<Ln text- 
book and other instructional materials makes this type of research 
extremely valuable. , * , , ^ 

That the 3tudy ifras conducted^ in redl cla^sroom^ with regular students 
le very impoj^tant, but* .perhaps mo^ptf^mportant 'is the fact that the ' 
authors have developed a^model that pould be adapted by inany^ 
researchers. It would be especially useful for individuals who arg^ 
just beginning ^reseaPch careers. It i*s often assumed, and especially 
by beginning researchers, that research, to he good, must be very 
complex and utilize f^ncy statistics* Here is an exau^le of simple 
straight-forward research with an unencumbered design that is probably 
bel^ter than much research 'completed. Of course, the secret is not the 
design or the statistics but the existence of a significant problem. 
And, what could be tnote slgnlfSant than asking questions about prac-* 
tlces' that have been assumed correct but whiqh ar^f^iot supported with 
research evidence?' ' - ^ 



17 

23 



-The authors ' commeitcs about the need for addltlonar research on' the 
use' of pictures and diagrams ^n textual material are well stated. 
Such research Is needed* An examination of how teachers use texts ^ 
and how th^y- are prepared. to used textual material ^3 a^so needed* 
Xt is possible that instruction and text utilization prqyided 
teachers-ln-tralnlng fallowed by teaching secondary school students 
how to use a text could influence outcouiejs^ as m^sured^ consider^' 
ably* In spite of the fact that the^textbpok niay be the best 
instructional material avallable> the^ text Is conzmonly criticized - 
by teachers. Students gleefully Interpret teacher -criticisms of 

^the textbook to mean that reading the text will be of ll^ttle value 
.and" they stop reading." A better text » in such-a 3ltua,tl<yn» might 
be pf little value. - ' ^ 



The research Is Great s If such research leads to 'the development 
of (setter Instructional mate^-lals -we will be one step, ahead* 
ever^ I' suspect that if teacher tiiaining does' not assume itK>re> 
responsibility' for preparing teachers to use instructional materials 
that much of these fine efforts will be in vain*- * 
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Purpose * 7* ' 

The primary purpose o£ tbis study vas to determine the influence of 
question format and pr-oblem variable familiarTM'^ on subjects^ ability 
to sojve problems requiriii^— tiia„£onttol of variOTjies. X' ^ 

- - ■ 




Rationale 



This research Xs^related to Inhe^lder and Plaget** C1958)L.,^tu<Jy|o£ 
^olestent reasoning in which thay found use of the controllin|,j ' 
variables schema to increase during adolescence.' The r'ese^ch'j^s 
' also; purported td be related to "neo-Piagejti^n** theory (e.g., \\ 
-Pascual^Leone,. 1970)' in which^roblem complexity and^fotfmat, in,:; 
terms of -numbers of items of information presented and^method or^ 
presentation^ are Important variables Influencing perfprmance. I|o 
further rationale for the study was given except for a brief state- 
ment that a clearer understanding o£ how children solve control of 
variables .problems is neededtt ^ ^ - 

* ■ * ■ . : 

Research Design and Procedure , - * ' 

Subjects*' — Subjects were 120 students from a. large ^comprehensive ; 0 
^chbql in a middle-class suburban area of London. Forty subjects - 
(half male, half female)' were selected fron^ e^ch of three a^ge , > /: 
groups: ^12-, and I'e-year-olds. Subjects Wre selected randcmLy V 

from the approximately 90 percent of the school population who .volt^n^^ 
teer^ed to participate. -* 
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Procedure ^^Suh^^cts vere randomly assigned co one of two interviewers 
who' randomly selected ond of two 20-Biinute interviews. One interview 
lificluded questions concerning a Ramp Problem. The other interview 
Included questions concerning a Circuit Problem and a* Seed Problem. 
For the Ramp' Problem subjects were asked questions which reve^fled ^- 
thelr ability to Isolate and control variables in the context of a 
series of marbles rolling down ramp and hitting other marbles^ 
Questions. were asked in three formats designated (I,) free response, 
(2) multiple choice, and (3) screened ^i.e., a screen waSi.placed 
between the subject and a portion of the apparatus). 

For the Circuit Problem subjects were asked questions ijhich revealed 
their ability to Isolate and control N^arlables in the cSntext of a. 
metal box with a. set of wires that had to be connected in the proper ; 
combination to make a buzzer sound. Questions wer^^sked in t^he 
same three formats ^as above » 

The Seed FroElem also Involved questions that repealed the subject^s 
ability to isolate and control variables. The cont^t for this pro^- , 
lem was planting and growing seeds. The problem was strictly a 
Verbal one as no apparatus was provided. Only free response ques- 
tions were asked. 

/ " . ■ * 

SfaoirfTigr ."Details of the scoring procedures were not given; liowever,** ' 
responses, were typically categorized into one of four levels roughly 
parallel to Inhel^er and Piaget^s concrete and^ formal operatiohal 
stage distinctions. * . ^ ' . ' 

Oato ^naZt/sts.~Nonparamet^ric statistics vere used to summarize^ ^ 
results. Differences between groups, problems,^" and questions were 
Stnalyzed using z scores determined from Kendall ^s t as a measure of 
correlation or by using tfi? sign test. 



Findings i . ^ 

RCBultB for Each Problem* — Ramp: The multiple choice question was 
the easiest while the free ^Vesponse and screen questions were of ^ 
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nearly eq^al dlfflculcy. Circuit: Again the mulclpXe choice 
question was che easlesc. However, ..the free response question vas 
mot^ difficult than the screen questlqn. Seed: All but four sub^ 
jects correctly answered the free response question. 



Age Differences*"^^ general, older subjects did better on most of' 

the questions^ although the differences were not always statlstl- 

< 

cally significant. Age differences were relatively small for the 
free response format but relatively large for the greened ques- 
tion. ' * 

Sex Differences* — No consistent sex differences were found. 

Comparisons Among Problems* — For free response questions the ^slest 
probleci was th'e Seed Problem (93 percent success) while the most 
difficult was the Circuit problem (X^ percent success). Th^ Ramp 
^oblem was Intermediate In difficulty ^ piO percent success). These 
differences were highly slgnlf Icant^. For the multiple choice ^ques- 
tions and screened questions these differences largely disappeared. 



Other Findings 

Relative success rates for the three question formats on these prob- 
lems plus correlations among scores for the three formats were also 
reported. - * . , - 



Interpretations 

The results ^ere Interpreted as suggestive of a change In met)ibd of 
procesajlng Information between 12 and 16 year§ of age*- This change 
could be accrlbuced Co Increases In tnencal compotlng space or 
Increases In abl'll,ty t6 Inhibited salience. \ 
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It va^' Sugg^ced that coaching programs which aim to teach logical 
thought will be most successful if they emphasise the recognition 
of relevant (and irrelevant infonaation) as well as the "all other 



things equi^" schema. 



ABSTRACTOR'S AlWcLYSIS 

Llnn^and Levine are addressing a very real issue in science teaching; 
tjhe development of a scientific problem solving strategy, namely the ^ 
ability to Isolate and control variables, ' Two central questions ar« ^ 
raised: (1) What is the effect 'of problem variable familiarity on 
subject performance? and (2) >?hat is the effect of question format 
on subject performance? 

To answer , the first question three problems which presumably varied 

In familiarity were administered using a free response question for^ 

J- 

.mat. One interested in teaching useful (transferable) pi:oblem solving 
strategies would hope that, variable ^familiatity would no^t be a major 
determiner of success. If such is the case, then we are left with 
,the job of making students familiar with every problem context that 
they may evjentually encounter^presumably an impossible task, ' If 
auch is not the case, then^ we may be able to teach problem solving ^ 
strategies^ and may expect transfer to novel contexts, ^ 

The results of a careful test of the hypothesis that variable 

familiarity is an important contributor to problem success would 

* 

therefore be interesting. Interestingly enough, however. Linn and 
Levln^ seem to have failed to control variables themselves in this 
test. Their three problems (Ramp, Circuit and'See4^ were designed 
to involve variables of different degrees of familiarity (Seed, 
most familiar^ Circuit, least familiar). But the test falls short 
on thre^ counts. First, there probably wak- no real familiarity 
difference from pVoblem to problem. Are-seeds and fertilizer really 
any more familiar than marbles and wires? I doubt It, Second, not 
all problems involved concrete materials. The Seed Problem was 
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purely verbal while the others involved materials. Third, as the 
authors themsetve^acknowledge, ^\ . .the method used, for^-presenting 
.the task gave more Information about the variables for one task ' 
than for another** (p., 384)^ I suspect this lase^^fact:ei^;ra3^the . 
primary cause of the laXge differences between Success rates on 
the three problems under the free response format. ^ 

J ^ / ■ 

The Second issue addressed by the research , was that of question 
format* How does the format in which questions are asked affect 
students* performance?^ The answer to this question seems somewhat 
clearer. The multiple choice format was easiest while the most 
difficult was either the screened or free response format, depend- 
ing upon the age group and task under consid^tatlon. Presumably 
the multiple choice format is easiest because it\merely requires 
recognition of a correct .answer while the free response format 
requires the "subject to generate an answer* ^ 

The nicest result of the study was the rather clear increase with* 
age of subjects* success on the ramp and circuit problems In the 
Screened format. Less than 15 percent of the 12^year-*o'lds 
correctly answered the screened format ques'tions but over 50 per- * ^ 
c^t of the 16-year-olds did. The older subjects were much better ' 
tlfen the- younger ones at "being able ta ignore the irrelevant and 
misleading information givfen in these problems an d c orrectly use 
the "all, other things equal** schema. . \ - * 

As Itinn and Levine point out, this result is support for the view 
that, as children , become older, they are better able- to process 
relevant* information by ignoring irrelevant information or at 
least by being able to suppress misleading information. This Is 
coni^istent witH the finding that older children are more field 
independent, than younger children; i*e*, they are better able to 
disembed important information from misleading backgrouQds (Witkin, 
Moore; Goodenough and 6or> 1977)., The result also offers support 
for the view that intellectual development is a process in 'which- 
correct (but Hmited)'^4<ituitions, which develop very early, grad- 
ually become more explici{t and general glides to problem solving as 
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the child gains In ejcperlence and becomes better able to use Ian* 
guage to guide his thlnk^g and behavior (c.f., Lawson and Wollman, 
. 1976). 

The Linn and' Levlne research Is significant in t^hls r*espect. The 
Implication they draw for educatloif Is, no doubt a valid one. Learn- 
ing how to perforata controlled experiment by s4:ressing' only the 
•^all other things equal** schema Is probably not sufficient for a 
workable (I.e., transferrable) understanding. After, all, on^B 1^ 
never really able to keep "all other things equal" anyway. Students 
need practice In recognizing relevant and Irrelevant variables and 
In dlsembeddlng the relevant on^s from their sometimes confusing and 
misleading contexts. Thus, the task of teaching reasoning Is not a 
slmp^le one that can be reduced to a few ^fc^^lght forward lessons. 

Allow one comment on the adequacy- of the research report. In short, 
the reportJl^as extremely dlfJicult'due to liberal use o^ abbrevla- 
* tlons (e,g., free,*MC, screen), sometimes QVerly concise style, and 
^ the mixing of the results, discussion, and conclusion sections. 
, Altlftugh writing which would eliminate these problems would slightly 
Increase the length of the manuscript. It would assist considerably 
^ pi clarity. - ' 
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Barufaldi^ J. P.; L. J. Bethel;^ and W. G. Lamb. ''The Effect of a 
jScience Methods Course on the**Phllosophical view of Science 
Among Elementary Education Majors." Journal of Research in 
Science Teaching , lA(4):2a9^294, 1977: 

Descriptor^ — Attitudes; Educational Research; El^entary 
Educ^^on; *£lementary School Science; ^Elementary School 
teachers; ^Methods Courses; *Philosophy; *PreservicB 
Edu£;^tion; Science Educat'ion; vTeacher Education 

Eicparided Abstract and Analysis Prepared Especially for I.S.£. by 
Willis Horak^ The University of ^Ajji^ona. ' ' . 



Purpose . . . 

Overall this study ^s designed to investigate th^ effects of^ instru,c- 



tion on the philosophical beliefs about sclenc^|^|pig elementary* 
education majors. Specifically, it dealt with the effectiveness of 
three types of elementary scSLence methods *cpurses on enhancing a view- 
point which considers scientific knowledge as not absolute but merely 
twtative. , ^ 

Rati^le ^ ^ 



The rationale for this study was derived from the research studies 
related to teachers* and students* attitudes. Xhese studies generally 
imply that a teacher's attitudes toward science have an effect on-his/ 
her students' attitudes toward science. Additionally, it was felt by^ 
the authors^ .and is generally believed by other science educators, 
that people should view scientific findings not a^s unquestionable 
facts, but a^5- simple explanations of natural .phenomena which are 
subject to revision and to change.- 



Research Design and Procedure 

The research design utilized in this study was a nonrandomized, equiva^ 
lent control group, pre-post design. For this study three experimental 
groups were utilized. One group consisted of 12 senior elementary 
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education majors enrolled 'in practice, ceachj^ng and cultural foundations / 
of education^ in addition to the elementary Science methods course. A 
Second <group consisted of 21 jonior and senior special education majors 
enrolled in a science methods course. The third experimental group 
consUsted of 23 .junior elementary education majors enrolled in an educa- 
tional psychology cour$e and a field-abased observation course in 
addition to the elementary science method^ course. The control group 
consisted of 32 junior elementary education majors enrolled in a reading 
methods course, an educational psychology course, a field-based observe^ 
'tion course, and a mathematics methods course. One-way analysis of ^ 
variance was used to show initial equivalence of all groups on the 
criterion measure asi well a^ with respect to the number of semester 
houre of college level science taken by the subjects in each group. 

The treatment time consisted of two and one-half hours of instruction ^ 
a week for a period of 14 weeks. 

The ^criterion measure. vhich determined the philosophical view of science 
wtf& the View^ of S<iierice (vST instniment developed by Hillis (1975), 
This instrument is a 40-item, five-point Likertr^type rating scale. 
During its development, Hillis, report^ly established face validity 
and a degree of « predictive validity based on descrlmination among four/ 
dietinct populations. The instrument has an alpha rieliability of 0.78 
established by this study. For the groups "described the calculated^ 
reliabilities were 0.71, 0.84, 0.80 and 0.76. Additionally, in this 
study} a comparison oftthe 'factor structure of the VS items' 'was con- ^ 
ducted. The factor analysis procedure utilized, employed principal 
components analysis and Varimax rotation for each group studied. The 
factor structures were then use<l in a multiple dl'scrisiinant analysis 
to show initial group similarity on philosophical views of^he nature^ 
of science. ' ■ 



Findings . ' ^ 

The data were analyzed with analysis o& covarlance procedures. All 
possible two-group comparisons and three-group comparisons were 

.30'/ ,T . ■ >^ 
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calculated* Thus 10 separate groupings of Che data were considered. 
The acaclsclcal tests revjealed significant differences In the six 
comparisons which Included the control group and.^elther one or two 
of the experimental groups. No differences were fbund In the )Eour 
comparisons that Involved only two or three treA^ent groups. 



Interpre ta t Ions 

The Instructional treatments which consisted of experiences pertaining 
to elementary' sclgnce Instruction clearly Enhanced a student's philo* 
sophlcal view of science. Students^ln all three experimental groups 
Came to view scientific knowledge as more tentative than did a similar * 
group of students not exposed to the outlined experiences. These find* 
Inga were viewed as useful for pre-service el^^ntary education 
professors since the viewpoint of tentatlveness of science explanations 
la a worthwhile objective oJ| science education Instruction. This study 
thus points out the continuing need for courses- which stress Inquiry 
methods and hands-*on activities. f| ' ^ 



^ ABSTRACTOR'S ANALYSIS 

Overall the artlcle'ls well written In a clear^ succinct style; The 
information that I3. presented Is easily understandable. However, the 
length of the article severely limits other researchers from making 
additional Interpretatltorfs of the educational 'significance of the 
reported study. I realize that part of the briefness is the result 
of tKe restrictions placed upon the authors by the journal criteria for 
reaearch reports. Still a t^ble of means and standard deviations. of 
^h^ pre- and post-test scores should be Included in the report. *In 
thla ,atudy it is Impossible to tell if the significant difference on 
the poat-test seizes was the result of an increase in the scores on 
the criterion measure of the experimental groups or the result of a 
decrease in the scores on the criterion measure of the control group. 
The flrat Instance is of more educational significance than is the 
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second instance/ Did Che students in tW mathematics methods class 
take the VS post-test as seriously as' did the stud^ts in the experi- 
mental groups? *0r, did they view the post-te$t as extraneous to the 
course they had^^Jti**' .completed? Tbls attitude would definitely show 
up more ^predominantly on a post-test measure t,tian on a |{r^-cest measure 
sinc^r^ the latter" case, students' still l^ave not yet coi^fe t6 grips' ^ 
with the course activitJ.es and objectives. A table , of all mean| would 
certainly clarify this lissue. The t abides' of adjusted means on the 
p08t-test scores do not lend themselves to such Issues. , 

A second issue related to the statistical analysis is the fMlure to. 
mention or to conduct a one^^ay analysis of covariance 6n all^ the ©roups 
at once. Does this test on the four groups, jthree experlmeiitaX «and one 
control, show slgnif icatice? If not, fhe tests conducted on t^e two- 
group combinations andythe three-group combinations may not ^e appli'- 
cable. The alpha level is greatly inflated by just ninnlng all ^ ^ 
possible groupings of the data. " * ^ ■ 

The educational significance of the study is' .also diminished by the 
vagueness of the described treatm^ts. The desctJ^tions of th^ core 
tasks are worthwhile, but were they administered or templet^ in analo-^ 
gous fashion in all of the^experlmental ^groups? Differences in sample 
size of the four groups alone leads one who has t^u^ht elemontaty 
Science methods classes'- to believe thS experiences and activities may 

w w w f * 

not have been similar. If, in fact', they are s^ilar, should the 
sample experimental, groups be considered as one unit? Why jiould it 
be necessary to separate them simply because they are different sec- 
t^ns of the same class? This ^cpmblnation of .settions may also 
* eliminate some of the questions of genera rizabiljtty raised by the 
small sample size of 12 for one of the>experlmentdl groups.*^ 

The non*-random assignment of students to the various groups may also 
be a cause* for some cjfncern. However , ...randqm assignment' ia rarely 
possible In actual university settings. \ Therefore, if research is 
to be con^ucte^, we must pfttlmes settle forWhtact class asstgnments". 
In the absence of randomization the, authors aire to be commended for 



their efforts In analyzing che grinip^ Co show Initial equivalency o£ 

groups^ especially on che views measured by che VS Inscrumenc^ The 

factor analysis reporced and the ensuing dlscrliliinanc analysis using 

the Ite^s as Independent variables and che group membership as che 

dependent , variable helps alleviate many of che. concerns expressed 

about Inlclal, group differences*, 
« 

Lascly^. che rationale for chls scudy heeds to be more fully developed. 
The research cited percalns to Investigations of the relationships 
between ceachers* actlcude^and beliefs and scudencs* acclcudes and 
beliefs.- However^ che scudy was noc conducced, so as Co ascercaln 
relationships between teachers* and scudents* beliefs about the 
tentative nature^ of science^- .J^o n^easure was made of che ceachers* 
views of science, Ve do tioc know for sure If all three experimehcal 
Sections vere caughc by che same Inscruccor or ^f che science mechods 
Instructors' beliefs were litore like chose assessed by che Inscru- ^ 
menc Chan were che machemaclcs methods Inscruccors*" beliefs, Thusy 
much of^ che c^ted rationale is' Inapproprlace, There Indeed^ much . 
science educaclon research relaced Co views of' science ^nd underscand* 
ing the na Cure of science that Is more relevant Co thjs study. 

This cype of study should Ije continued if we are to effecclvely pre- 
scribe ch^ges In science teacher education courses^ The reasons 
clbed for concern over scudents* views 'of science point out ch§ need 
for more relaced scudles In chls area. This study" serves as ai beginning 
for one university, Ic needs Co be followed up wlch an analysis of 
e)^^tly whac causes a change In studencs* views o^ science and an 
analysis of whecher this Is a lasclng chapge or a racher transient 
one. The auchors' furc^er analysis. of^ ch^lr VS Instrument along 
with che calculaclon of reliabilities on chelr elgmencary sample is 
most helpful. Too ofcen many researchers pick an Instrinnenc chat was 
Construcced ^or an enclrely dlfferenc populaclon and presume It will be 
useful for chelr study^ Thac chl^ was noc che case Is most refreshing. 
Here work^ however^ needs Co be done' before we can jusclfy specific 
content or methodologies In s^lenCQ^eacher educaclon courses*. 
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Purpose 



The author wished to determine the effect of instruction in prpcess 
sldlls on the ability of preservice elanentary teachers to* perform 
these skills in a paper-and-pencij, situation. In short, can pre- 
service teachers be taught to perform process skills? 



Rationale . ^ * ' ^ 

\ . / ^ ' 

The Science-r-A Process Approach (AAAS, 1970) process skills wer^ used 

-T^ ' ^ 

as the basis for preparing^a series of 14 laboratory exercises to be 

completed by preservice elemehtary teachers in an openr^choice access 

laboratory schedule. 

The general philosophy underlying this (study) may be expressed in' 
the statement that teachers will not, or cannot, deal with th^ prooess^ 
'skill component of science education unless^ they have experienced 
process science." 

An over simpl^if ication of the same concept> but a parallel statement 
often heard Is "One cannot teach what one does not kn^w.^* " x 



Research Design and Procedure * f * 

**rhe cognitive study was conducted in two time periods." The popula- 
tion for the first component consisted of 105 undergraduate preservice, 



elementary teach&rs enrolled lii sections of a science methoi^ course ^ 
In the spring of 1973, "Students In both the experimental ktid control 
groups registered for^i*be course without knowledge of who 4he profes- 
SOT would be, thus providing a random distribution of students between^ 
the two classes," " A 

^All Students In the experimental groups (of the first ciiinponent)'* 
completed tjie series of process-skills open-laboratory, Exercises . 
VHk students In the control groups did not c^gtlete the^ process- 
skill exercise, and they'dld not receive any specif Ic ^instruction in 
process dev^opment," 

■ 

% 

0 

The group of students used in the second component of cognltlve^^tudy 
consisted of students enrolled In the elementary science methods 
course during the fall and spring terms of the 1974^75 academic year. 
All students In this latter component completed^he open-laboraifory 
activities. . ■ ^ ^ 



Student assignment to one of two treatment gfoups^ for 'the first com-*, 
ponent wae generated by an alphabetized list of class members/ names 
anil a table of raii^pm nximber^. The two^ subgroups for the.control' 
group were produced using the same procedure. I 



For the first cognitive study two subgrojips took t^te^pretest (0]_ and 
03), two subgroups completed the process^ exercises (X) 'and^* all sub-^ 
groups took a p<!>stfrtesr (©2, O5, ^0^, 0^)* The baj^lc design *as: 

^ ^ ' ' ' '1 ' 

^ ^perlmental Groups Control Groyfps - 

Ol ^02 (n 13) 03 O4 (n = 11) 

< X O5 (n - 12) * ^ Pg (n - 7) ' 

Analysis of varlance^wlth unequal cell frequencies was used to test 
e significance of difference of the post-^'test scares.^ ^The treat- 
ment effect wa^. es^tlmated from the row means and the pretesting 
effect was estimated from column means. J^Ioteractlon of] testing 
with treatment was ^estimated from cell means. f ^ ^ 
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For the second cognitive, study the'author employed the pretest- 
post-test design fox two semesters. Within subject comparisons 

vjexe subjected to thent-test ,for Independent measures-. • 

* / * * - * , 

The Instruments us^ for assessment 4n the "cognitive st6dy" were 
the Process/Skills of Science^ 'tegt (for the^ first component) and 
the Science Process Acclivities Test (a revised form of the former 
Instrument) in the second component. The author repotted -Kuder-^^ , 
Richardson reliability estiniation|Of (J.58'and 0.54 respectively 
for the tWo . jjistruments . A discussion of validation schemes used " 
by the author for those instruments will be deferred. for later 
connnent . 



Finding^ ' ) " 

\ - 

/ 

The results pr^the analysis of variance of the means of the first 
study subgroups yielded ^tlie results below (after Myers> 1966)-'. 
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Source 


' SS 


dF 


M.S. } 


■ F ■ 


SiE.* 


Rows ^treat) 


3.957 


1 


3.957 


4.18 


.05 


Col.' (pretest) 


1.686 


1 


1^686 " 


1.78 


RS 


R3K; (interaction) ^ 


3.947 


1 


'3.947 


4.17 


. .05 


Wlth^ 


36.900 


39 


.940^ . 


. "\ , 





*?Z 4:. 09 to be significant at .-05» F(1.39). 

The reported taeans for the subgroups and the conditions of the Solomon 
Four — Group design are: 



(1) 02 >"0i , ^ 14. 55 > '13.38 

(2) 02> O4 14.55 - 14.55 ^ 

(3) 03 > 06 ' 17.83 > 13.86 

(4) 05> O3 . 17.83 > 14.55 



All conditions were met except step two> where the mean scores were 
eqv^. ^Based upon Dunnec s 'test of che experimental and cpncrol 
group means (05» 0$) che auchor found thac "The experiniental group 
scored significantly Mgher Chan the control grSup when neither group 
was pretested." The inceraccion effect was also examined using 
Dunnect*s method. The author reported finding that the Interaction . 
effect; 0^2 ^ 06» was upt significant.. * ^ 



The pretest and post-test means for the autumn aiid spring groups were 
^ compared on a, semester basis using a t-test. The- reported resiilts 
were: . w 



Group 


^ Mean ' dF (n-1) 


Cal. t 


SiR. 


V 


Autumn 


^ pre 11.99 


- ( 

*■ 








post 14.24. ^ 82 


8.44 


.001 




Spring 


pre 11.77 / ' 








post 14.32 39 


6.12 


.001 





Interpretations ^ * . * 

Based upon the results of the first cognitive study in which the author 
reported the treatment (Os>06) Co i^roduce a significant difference 
In the niean scores favoi^lng the ibcperimental group^ (p '? .6S)« he 
Concludes that "instruction using a series of open^laboratory act^i- 
ties was statistically ef,fective in teaching the pMcess'es of science 
to preservice elementarry .teachers .A more comprehensive statement 
was made ihe author based upon the addition^^ results obtained froa^' 
the second study. Th0i^uthor concludes that the results of both the * 
first and second cognitive study "lend ^uppopt'.to the hypothesis that 
preservice^ elementary teachers do learn the ptocess of science as^ 
assessed by the Science Process Activities test." > ^ 

~^ 'TT ^ 
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ABSTRACTOR'S AIIALYSIS 

Brown reports what appears to be, upon initial examination, a study 
with particular importance for el&nentairy school science teacher train- 
ing:. However, plaped in the historical context of the Ijtplement^ion 
strategies designed for Science — A Process Approach and tfhe events 
related to those strategies, sevefal questions must be raised. 
Reports on file with the National Science Foundation, the^rlmary 
supporting agency for implementation strategies in' the ^period from 
1968-1975^ are replete with dsta which indicate the successes enjoyed 
by Science educaJtors in teaching both inservice and preservice elemen- 
tsry scHbol teachers the science process skills. These data were 
collected usiiig the behavioral objectives, the teaching strategies 
and the evaluation strategies which are indigenous to the Science — 
A Process Approach materials. One cannot help*ut raise the question*, 
**Why no reference to' this prodiguous amount of work,, mostly unpuh" 
Ushed, but voluminously reported at the meetings of the various pro- 
fessional science organizations?" Ihe studied published "by members of 
the AAAS writing, team alone would constitute several volt^mes. Taken 
In this context, there is no new finding reported by Brown since it is 
well-established t|iat eJementaiV school teachers an3, indeed,' el emen- 
tary school pupils can be taught the processes of scienc'e. - One must 
then look in other domains to find a contribution being made by Brown 
as a result. of this research ^ffort. 



\ 



The development of a behaviorally based currictllum for elementary 
School science such as Science — A Process Approach was a revolu-* 

'tionary step in its tipe. Many educators and scientists were, and . 

' ' ^ J 

some still are, opposed to the notion that it is possible to teach 

only i:hose things which can be measured objectively,. In retrospect 

the difficulty encountered was perhaps more related to differences ' 

between conventionally accepted evaluation and that , proposed by the ^ ^i-^ 

AMS writers, nit is in this velii th^t one finds Brown's contribu"^ 

tiOTi* The development of a pencil^and-paper instrttment which, is 

^designed to measure objectively cognitive gains in science skills 

and processes finds its place in the ^jw for most conventional 
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educators. The instrumentation then becomes the important focus in 
this study^ not t}ie lone fact that processes of science can be taught. 




Brown reports that there were 13 identified processes in the 
materials used in developing the initial pBncil-anif-paper test^ and 
thkt two items were constructed for each^ with the exception of exper- 
imenting. .Two. qujBSt^i^ns setem appropriate conceri^ing this approach. 
Firsts inasmuch as the author seeks to measure or evaluate the ^ility 
of students to perform the skills or processes^ one must^ ask how 'it ^ 
was determined that the items developed did^ in fact^ measure the 
ability "to perform processes versus evaluation o£ verbal explanation 
^ about performance .tjf the process^s ^ Inves^tigations have revealed that 
college students and other adults can accurately draw a diagram of a 
completed circuit involvings a dry cell^ a flashlight bulb^ and a 
single piece of wire. HoweweT^^ when given the three items^ they are 
able to complete th^^lrcuit only after a significant .amofint of ttdal 
a|id error. Are there two' separate processes here? ''If so^ dj.d the 
items in &rowu*s te^ evaluate both? A second question c^egarding the 

Instrumentation also relates to the number of processes and the number 

/-I 

of test items. ,The AAAS writing team clearly^indicated that the pro- 

cess of experimenting wa&^more involved and irequired some understand* 

ing and use of ' less sophisticated, processes (e.g. ^ ^pbservlng) ^ Based 

upon this fact^ one must ask^^ ^Did the initial instrument hav^ a 

sufficient number of items to adequately evaluate the ability to- 

perform each individual process? " , This crucial qi^estlon is particu^ 

larly inportant in view of th^type entity the author proposes to 

measure. , ^ ' ' 

* • 

Brown states that the second instrument was developed from the firsts 
and that the revised test consisted of fewer items. This places an 
added'load on each Item and elevates the jimportance of the' two ques^ 
tlons raised earlier regarding the number Df items and the ability 
<Jf pencil-and-»paper test to ^measure process skill attainment. 
Although Brown discusses processes used t<>- estabi^sh the reliability 
and validity of the instruments^ the crucial issues still remain 
unresolved. In addition^ the author may not have dealt with the 



test length effect in reporting the reriabllity coefficients, although 
his reference (Ferguson, ^946) clearly points out the problem. "No 
mention is made by Brown about the length effect, which, if applied 
to the data reported, lowers the report^ values of the^-R 20 to around^ 
around 0.43 and 0.41, respectively. 

The" attempts made by the author to deal with the validity of the instru- 
ments leave some areas open to criticism. Although Brown states that 
the Source of the items for the test was the Science — A Process Approach 
exercise pamphleC, the selection was limited to those "that could be 
used in a paper-^nd-pencil form^^t.'^ One must ask whether or not those 
selected were representative of processes as intended by the AAAS 
authors? Brown's use of * a "panel" could have answered this latter q^/es^ 
tlon^ had he made use of a panel consisting of the AAAS authors or other 
established science educators. 'Using a panel of studehts would seem* to 
leave the question unanswered. 

Due to the limitations of space placed upon the author by convention 
and guidelines of The Journal of Research in Science Teaching , addi- 
tional reference work is needed to ascertain details concerning the 
instrumentation used in the study. Serious researchers must not only 
examine other rgs'earch reports and. the xjovk Q^f the AAAS writing team, 
but ^Iso the tests themselves before coming to conclusions concerning 
the^-e^orts reported this article. * * ^ 

■ ■ ' 

* ^ 
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CaiDpbellf Richard and James Okey^ '^Influencing the Planning o£ 

Teachers with Instruction in Science Process Skilly/' Journal 
of Research in Science Teaching ,- lA(3)t231-234, 1977.- 

'Descriptors—Achievement; ^Ediicational Research; *Instruc- 
tlonj Methods Courses; Preservlce Education; *Proces3 
Education; ^Science Educat;ion; ^Teacher Education 

t * - * 

Expanded Abstract and Analysis Prepared Especially for I.S'.E. by 
Wljllam Brown Old Dominion University* " 



Purpose 

The two questions imrestigated were: (1) VJhat Influence did process 
skill Instruction have on preservice teachers' la) achievement, (b) 
selection of process objectives for a science unit« (c) attitudes 
toward process skills, and (d) the use of process objectives and^ 
activities In lesson plans? (2) What were the relationships between ' 
preservice teachers' open- or closed-^mindedness and their (a) achieve- 
ment of science processes^ (b) attitudes toward t>i^c^ses« and (c) 
use of processes in lesson planning? ^ . \ 



Rat ionale - ^ 

. f 

The Investigators cited several studies to support their position 
that both the knowledge and attitudes that teache^rs possess affect 
their actions 4 In order for. elementary teachers to effectively use 
the current instructional programs that include a strong process 
component^ they must understand t^ese process skills^ They must 
also b$ convinced of the^alue of children floinp the process 
componen^of 'science^ This im^estigation extended studies by 
Jaus (1975). ' ^ - ^ \ 



Research Design and Pjrpcedu'^e ^ 

Sev«nty<-six preservice elementary teachers ip a college methods 
.Class''were asdlgneii at random-.to creacmenc and control ^groups of 
3^ per group* All subjects completed Instruction In preparing 
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objectives and In constructing lesson plans. The Campbell and Stanley 
nomenclature was post test-only control group design (Gagne, 1963). 



R X 0' 

R 0 



The Independent variable was process Instruction. A self-Instructional 
program that Inclw 
used (Okey, 1973). 



program that Included both hands-on and paper- and-penc 11 activities wds 



r 



The dependent variables w^e: (1) achievement, (2) attitude, (3) 
selection of process objectives, -and (4) use oft process objectives 
and activities* in l^son plans. 

The instrument used to assess achievement of measuring, observing, 
classifying^ communicating, inferring, and predicting had a KR-20 
reliability of ,96, V 

A 30-item att^itude measure, , using a five-point Likert scale, had ^a 
split **half reliability of ,93* A high score was interpreted to indi- 
cate more favorable attitudes toward the importance of and VUlingness 
to uae process skills in science instruction; 

The selection of process objectives was accomplished by a question- 
naire. The instrumeii£? contained ten objectives related to factual 
knowledge and ten procje^s obj^ectives for a unit. Subjects selected 
ten objectives from the list as being most desirable if they were 
to teach the unit, Test-retest reliability was ,79, 

The- use of'process objectives and activities in lesson. plans was -i - 
assessed by^ eicamining plans prepared by the subjects; 

Face valil^ity of the four postmeasures was established by a panel and. 
by administration to preserv ice teachers not included in the experi- 
ttental or control groups. ' , ^ 
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fXhe Rokeach Dogmatism Scale was also used as a postmeasure to deter- 
mine bpen-mindedness of the subjects^ ^ \ 



0 

i 



Data were analyzed by a t-test and by correlation « 



I' 



Klndlnes- ' . ^ ^ 

Significant differences were calculated. chat indlcacedi chat chk treat- 
ment subjects: (1) scored higher on t^e process achievement tfest^ 
(2) sheeted more process objectives for units^ and (3) included more 
process activities in lesson plans than did the control subjects* 

Significant correlations were £ound ^^tween process achievement and ' 
attitude toward process skills and between the dogmatism secures and « 
the number of process activities included in lesson plans* 



Interpretations ^ ' ^ 

The investigators concluded that instruction was effective in Increas- 
'^Ing the subje&ss^ knowledge of process skills^ The selection of basic 
process objectives for units and the inclusion of p roc essJ- related 
activities in lesson .plans paralleled tlie findings of Ja^s (1975)* 
who considered the integrated processes « 

Attitude changes^were not detected* The inv^tigators slk|ited that it 
» vas probably. unrealistic to expect, such changes in a short period of 
tlme^ Prior work in social studies by all 76 subjects ijiay. have 
affected the attitude variable* 

It was inferred that instruction can alter thetiabillty of preservice, 
teachers to use science processes^ at least for a short duration^ 
Long-range studies are suggested to see if changes in skills and in 
planning practices persists * ' . 
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" abstractor's ANALYSIS " * =k ^ 

This study,^ along with others (Brown, 1977), has "established that^^p^e-^ 
Service elementary teacher^ can become proficient In the use of the 
process component of science, , Instructloh specifically oriented to 
the basic and Integrated^processes can be included as part of a 
**inetho,ds" course (Brown, 1974), ^ 

The fact that preservice teachers selected process objectives for utiits 
and Included process objectives in lesson plans is Important, Teachers 
must not only be competent in content, but they ujust realize the direct 
application of cont^t in instruction of children, 

* 

The general design of the study could* be^lmprqyed 1>y the use of pte- 
tests. The use of .the Solomon FouV**Group Design would t>e helpful ^n 
assessing pre-treatment^effects (Gagne» 1963) , The investigators 
commented that a social s&udies ^unit ^completed' by the subjects prio^ 
to the experiment may hav.e affected attitudes toward , process. Pre- 
testing would help to analyze this affect. Pre-testtng would also 
lend support to the effectiveness of the specific Instructional 
treatment * ' ' 

^ - * - ■ 

Since aclltcvement and attttu6.e were assessed, it would be helpful to 
know the exact duration of ihe ^tudy. This was not specified in the 
report . / 

It Is stated^ in the report that the treatment consisted of a series of 
activities oriented to the ba^lc science processes. Although, science 
as process can be compartmentalized into separate categories, scien** 
tlflc investigation Is t^e continuity of thought aAd action and the 
skipping back and forth from one process skill to Another, Perhaps 
In order to truly "understand'* the Individual processes and their inter- 
relatedness, sevei>al, experimental-type activities could be completed by 
teachers. Experimenting as a process fs the integration of all separate 
processes. 
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A valuable component of this Invesclgaclon was chb ass'essmenc oi tti^^ " 
Incliislon of process obj ectlves in lessoij plans* Ic would-be Inter* * 
edtlng'*4^know the "qualify' of the objectives in addition ^to '^eir ' 
frequency^ For example, were the ptocess objedtlvesi included in lesson 
plaos restricted* to easily observable behaviors, such as sorting ^ 
objects' on the basis of size? Vere. i!Qore..complex process objectives 
Includecl, such as grouping objects acco^rding to a personal cri-terion? 
Although both phese examples deal wltli classifying, the mental opera^' 
tions necessary are quit€f different* In the op^^on of the reviewer. 
It would be unfortnnate^ if cJbjectives for children were restricted to 
the first type, even if thqy 4re easier ti> measurel- Were complex 
objectives 'stated that involved ^he interaction of two pr inore processest 

r , ' ■ 

In the assessment of process achievement., a papei>and-pend^l instrument - 
was used* Can process achievemeny be adequately measxired using this 
form o& iit^trutnent? If th^instpiction involved a hands-on mariipula|||Lon 
ribde, is it appi'opriate to as:^«s b^ paper^^d-pencil? \ This issu^ of ^ 
instructioh-^taeasurement mode remains to be resolved* - * . - * , ^ 

It would be helpful in ,the Analysis. 'of data If t'-rest and correla- 
tions ca^cijjat;ed were specified or . referenced * The reader can liiter- 
pret data more effectively with great^^^ecif icity of statistical 
techniques* ^ \, - ' ^ ' • ' 



It was noted' in the report ^that ^^chers ^induded^ procees-relatda 
activities in lesson plans ^ evep %h en they had not stated prpcessTV 
objectives* This outcome has^ at l^at ^wp ^i^erpretatioos* Perhaps 
the subjects were sensitive^jbg pyq^6ess^ and^mrefore included' this as 
part of the activities*, ^ OA th^'ofeer hand^ft^ can be infetred that 
the activities selected dicknot reflect stated objective^*'-. How 
specific should a process objective be? ' 16 a child selects the most - 
appropriate measuring tool as patt o£',an activity,' will this outcome 
be measured? If the bbjective specifies the behavior, specific 
assessment will be possible* What i^tjf^ objective of the activity 
was to measure a room? Vitlu t^i9 mu&^'^broader objective, a child 
could measure a room^witEi a totally *%m^ro^late unit* .In order to^ 

avoid this' type of ambiguity, objectlves*^^jay be very specific* This 

\ ' ^ ' ■ 



helps in assessing exact ^ what is to have been learned* A potential 
problem with this type of specificity is that objectives-instruction- 
evalual^ion will be restricted ^ lower levels atid not include the 
mental operations of #i^lysis and ^synthesis* A comprehensive science 
prograi^, one which includes process skills, should include a range of 
objectives and experiences that are coordinated and developinental, K-12* 

An area of research that needs to be pursued is the long-term e3cfect of 
process instruction on teachers and on their children* If teachers are 
/ knowledgeable about and sensitive to process, will t^iey translate this 
into exper;lences for children? What effects will these experiences have 
on children? 

The process component of science has become an integral facet of instruc 
tion (Whit6, 1978), We can train teacher? in this area* Instructional 
matetials are\available for in gra^s K-12 (SAPA II, 1979) • Child- 
ren can do process scie^ice.- •process sci-ence can be evaluated over a, 
wide t;ange of learning .level^ from basic knowledge {hrough synthesis^ 
!phe real practical problem exists, tl>at given the previous statements, ^ 
how much proceflss-orienrjea science is^ actually being used, especially 
in grsides l^^SI MosX-^administrators ^ teachers, and ^Children perform 
relative to a reward system^ For some people, the reward system is ^ 
Intrinsic^ ^ For many^ regards are extrinsic* Pethap^ the question is 
not Can p rocess science happen^ but does tt^ happen? Perhaps leadership 
personnel should insist that certain experiences be included in instruc- 
^.tion. ^ It seems to this reviewer £hat jy.anned instruction must be a * 
^ coordinated effort, K-12, that transcenS^^traditional subject matter 
boundaries (White, 1978)* We must insist that certain things occu^:*! 
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tovellf Walter E. "A Comparative Study of Abstract Xeaming in 

Mentally Retarded and Norma* Subjects Pap^r presented at the 
annual meeting of the National Association fot: Research in 
Science Teaching, San Franciscc, April, 1976. 

Descriptors — *Concept Formation;'^ ^Educational Research; ' 
^ *IilstructiQn; *Learning; Learnin|, Diff icultueSj Learning 

Theories; ^Mentally Handicapped; Mental Retardation; 
"♦Science Education* 

. \ ^ 

.Expanded Abstract and Analysis Pnepa^ed E^ecially ,for I»S»E» by ' - 
Claudia B* Douglass, Central llichigan University* ; , 



Purpose 



The pi^rpose of the research wa^ to constract a theoretical model of 



abstraction accountable to .the variety and scope of resedrch\in^the 
fieXtt and, fxirther, to explore the role of abstraction in human 
thinking. J^ierarchial model of abstraction and a test based on 
this model were constructed. The order^ of classification, one dlmen- 
sion pi the model, was evaluated using menta,!^ retarded/and normal 
ability subjects (Lowell, 1976) • - . 

J ^ . , . ■ • 

Rationale ^ * ' ■ 

Abstractia£L is fundamental to the area of intelligence and concept * 
fotmatsfKn (Adibe, 1972; Inhelder and Piag«, 1958). Yet, the defini- 

^ tion and structure of abstraction acquisition is Imprecise and 
variable throughout the field* Abstraction is th^ process of 
sefiaratin^ the qua^^ities or attributes of something from the whole* 
As a cognitive process, it involves discriminating- specific attri- * 
Inites and then combining them in a new way to form ^ generalized 
representation of an experience* The modes of organi'^atlon h^ve b€^^ 

-Identified an^ sequenced as categories, sets of relations, and o^era* 
ti^ns (Pella an4 Trlezenberg, 1969). Classif ication^^ relation^, and 
Operations are orders and^ in Lowell's model, within eaot]|order'' &i:e 
six levels. Each level and each order h^ve been hierarchically 
arranged froiii simple to complex (Lowell, 197^* The attempt to \ 
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structure abstraction is not new; however* the hierarchical model and 
Ita testing are a significant cbn^ibution to this area of research* 



Research Design gnd Procedure ^ 
■ • 

The 149 subjects were divided into the following five groups: (1) 37 
mentally retarded*students randomly selected from th^ spepial educa-' 
tl<m classes Df an urban N&w Jersey school district^ (2) 32 public 
School students whose chronological age W&s Equivalent to the mean 
me4tal age of the group' 1 subjects^ (3) 3f3 public, school students 
vliose chronological age vas equivalent to the chronological age of 
the group 1 subjects^ (4) 18 private school students whose chronologl- 
cfX age was equivalent to the mean mental age of the group 1 subjects^ 
and (5) 29 private school students whose chronological age was equlva- 
lent to the chronological ag^ of the group 1 students* Depending upon 
thfi. availability of information^ the subjects were assigned to groups 
2^5 on the basis of IQ^ reading scores^ or teacher evaluation; 

Each subject was tested at levels I through VI in the Order of Classl- 
fiction* Each subject was^shown two boxes. The first contained 
examples of an instance to be taught. Once the subject had ^amined, 
the contents^ the box was removed and a second box was presented. 
The second l^x ^contained^^six objects^ two examples of £he instance 

be taught and four distractors. The subjects were asked to select 
the two examples from the six objects*which illustrated the instance 
taught. The criterion level of achievement was successful completion 
of the task within trials. , Successful completion of the task was^ 
considered to be correct identification of both examples of the 
Instance contained in the second box.^ All subjects were shown, all 
six levels ^of classification regardless of their 'degree of success, 
at previous levels. 

A record of the maximum level of abstraction reached and^the number 
of trials it took to successfully complete each level were tcept for 
each subject and summarized for each group.^ 
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Tlndlngs ' , ' . 

Th6 mean level of ^bscra^cloh for each group vas decermlhed as wa3 the 
mc^an number of tarlals Required to reach criterion performance.' A one-' 
vay ANOVA wal^ performed dn.,th^ dependent yatiable^of average level 
achieved among ^th^l fivh groups. A significant difference was shown 
to exist, (F"42. 56, df*2l/144, p<.05)^ ,A Scheffe multiple rSnge test 
vas then applied. The performance ^of the mentally r'etarded subjects, 
group 1, vas^ signif ieantly lower ^han all crther grcfups (p <\05) . Group 
't showed a lovdi: level of performance than Its private school counter-^ 
part, group 4 (p<.05)4 

* *■ 
' '' ' 

The six**level test presented to each student Has compo3ed 6i eight 

Subtests. Therefore, the minimum number of emulative trials to 
reach level six was eight and the paxlmum number of trials was six* 
teen^ The average number^of cumulative trials va^. determined for^ ^ 
each group as evidence for/;Co^nitive stra^. No analyses were per- 
formed on the data but^ general comparisons were made. Group 1 required 
more trials to complete the tests»'than all other groups and group 2 
showed signs of greater difficulty also. 



In terpreta t ions 

Although groups 1, 2 and A were of the same mental age, they did not 

s%low'~ comparable levels' of abstraction. Group 1 scored significantly 

' ^ * ' 

' lower than the other two groups Implying that mentally "retarded sub- 

4 ^ 

Jedts demonstrate , different cognitive processes than do t)ieir normal u 
mental equivalents. The differences between the pu]>lic school 
c^i^ren and the ^slightly advantaged private school children 

ggested that pre-school experience^ may play an important role in 
{^gnltive development. It may be true that t>oth tKe Jtnent^lly 
retarded and the public school children lacked the culturally tich 
eariy oxpertences of tnb'-^lvate school children. * ^ 



s 



The Sequencing of the levels qi the model was validated by the cumq* 
lative number of trials it took a student to complete the sis; levels 
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of the tesc. Scudencs found each level increasingly difficult. The 
hierarchy was further subscattciaced by a recescing of cen of che 
mentally retarded subjects five, weeks after^the initial testing. 
Six of these subjects reached the saiae level of abstraction^ two 
dropped one. level 'and two went up one level. In all instances but 
Otte« once a subject failed one ley^l of a test^ he ^failed on all 
successively higtj^r levels ^ the test. This was the case for 82.6 
percent of th^/orlginal five groups of students. "The test was^ 
therefore^ considered reliable by Lowell (1976). 



ABSTRACTOR'S ANALYSIS 



There is potential for Lowell's Vork to contribute significantly to 

the organization of abstraction acquisition research. „He has 

developed a model synth^izlng the^major Ideas of previous 

researchers and ha^ gone a step farther by testing the model. 
> ^ 

Often^ models are developed but their validity is not investigated'. 

A need certainly exists for a model of abstraction since many 

1 ' * ' 

curricula are based on the assumption that concepts are 9btaioed' 

and assifirllated in a hierarchical manner (Ausubel^^ 1963; Gagne^ 1963) 



The emphasis of tK^i^^search repoi^ted^ by Lowells was clearly the 
development of ^ model. His testing of the model needs to be move 
extensively explored. No rationale was offered for the selection 
of the three)groups of subjects. The validity of the model was sub- 
staotlated by the fact that almost 83 percent of the subjects vho 
failed 4t one level of the test« failed a^ all successively higher 
levels. This type of a result could h%ve been obtained with any 
veil chosen group of subjects. However^ the cultural insights 
resulting from the comparison of the data ot (he th^ree groups are 
Important and interesting. The study' cibuld have been Improved If 
complete standardized t^st result^s were available for cofoparisaii of 



Science- Currlctilun Tmprovprnpnt fiftidy and ?^f^-r^nrf> — A PrnrAc'^ 
A pproach Cwo examples of elementary school science curricula. 
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the thifee groups of ^subjects. .With regard to methodology^ the oilly 

■ other Improvement might have been a larger retest group. ^ 

^The data were d7ialyze<^ well and clearly reported*. Although there 
vere ^i^t levels in the Order of Classification which was tested^^ 
there were a total of ei^ht ^e3ts. No .explanation was offered as 
to why levels TV and v had two tes.ts instead of one. A^so^ Figure 
4 represented the six. test levels as a .continuous variable. A bar 
graph may have been more appropriate since e^ch level is ^discrete * 

and slnce^ prior to this study^ their sequence was uncertain. 

^ * * . 

■ As etat©i earlier^ the model .was well conceived and the study was 

■ veil conducted. In th^^rialysis ,of Lpwell's re*search^ it was diffi- 
cult to find any areas which couljd be Improved. Further research 
with Subjects of different mental ages'ahd with more subjects , would 

* lend greater support to the models at least for the* Order of Classi* 
' fjcation. Obviously^ more work on the identification and sequencing. 

. of the remaining tuo orders is required. A very interest^g appli* 
cstion of this model and ttje associated testing is the comparison of 
culture groups* The cognitive pattem5:of many different types of 
subjects may be compared on this'^basis. From the information regard"" 
log cognitive disposition one could develop appropriate and more 

specialized teaching strategies and materials. ^* 

t * 
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Purpose ^ * ■ 

, This study was^ designed lyg invfestigate the effects of instruction on 
the acquisition of serial ordering abilities ,of ydung children* 
Specifically, i^ ^^ealt with the effectiveness of cuipg and cue fading 
in an individualisfed situation upon the* acquisition/ retjention, and 
. transfer of the ability to insert objects into. ordered sets* Addd-* 
tlonal^y the study .was Viewed as an^ attempt to e:^and the the6ret£cal 
basis for explaining the development of serial Ordering abilities in 
^ young children* This was 'to be accqu^lished by. ascertaining whether 
the ability to serial .order is , greatly^ Influenced by attentlpn fac-* 
tors such as learning to^^^tend to relevant ta^t^characteri^ics* 



Rationale 

u ■ ■ * 

The rationale for this study^ i$ developed around two educational ^ 
theories* - The first one cited is based upon 'the^ developmental 
psychology^ of Piaget* Piaget is interprjated'h^^many educators to 
contend that limited specific training *cannot replace general types 
of Instruction in fostering cognitive development* Many studies 
bave^ however, cast doubt on this conpantion* Consequently IHtis 
study was designed to extend the' tests^ of Piaget *s contention .by 
providing specific instruction in serial ^prdering* 

* . * f 
The second theory is identified as the "American learning theory*' 

by the researchers "and defined and characterised as 1) placing. 

em{^sis on corr^tive feedback, 2)^ paying attention t;o. relevant 
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task stimuli^ 3) including cuing and cue fading in instruction^ dnd 
4) sequencing instruction from least difficult to luost difficulty 
thus 5) l||Suring a high incid'^nce^bf success throughout the instruc* 
tlon. The resea^rch related to this approach is based upon the 
cited studies of Bloom and his colleagues^and other studies hiy ^ 
Gagne and his colleagues wKich are not explicitly cited. 



Research Design and Procedures . _ * ' 

The experimental desigji utilized in this study was the pretest- 
{MDSttest control giroup design with repeated measures. For this 
study children were randomly assigned to tr^tment or co'ntrol or 
Special control conditions after they were determined to be on 
Flaget*s second stage or third stage in the development of serial 
ordering capabilities. The second stage of serial otdering is * f 
characterized by children's ability- to order' objects by trial and 
error^ and by their inability tp insert a disarranged s^et of ^ 
objects into an ordered set. The experimental group contained 
15 children in the|second^^tage of seriation capaMlities ^nd the 
control group contained 17 children in the second stage of seria- 
tlon capabilities. All children were selected from a kindergarten 
class in a rural comiminity. / / 

In addition^ children determined to b^ in Piaget's third stage were 
considered a special control. group aifd given no instruction but 
received the identical post test 132 days after^ initial pretesting. 
These children were then compared to the or'iginal stage two exper- 
imental and control group children. 



Instruction consisted of three 30-minute sessions with each child. 
AI4 of the training was focused on the i!hsertion capability. The 
first and the second sessions consisted of 45 tasks and 3Q' tasl^ 
respectively and were related to seriation of st;i;cks. The third 
session ^consisted of 24 tasks and was related to seriation of 
c^rds upon which parallel lines had been dr^^. All sessions 
utilized cuing and Que fading. The cues for the sticks dealt 
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with the Incremental sizes the sticks and the cues for the 
parallel lines dealt with :tihe relationship of width of lines to 
the nuniber of lines on each card. 

Fost-tests were administered one« eighty ^and 132 d9ys after instruc 
tion t<j^^t«st^r£tention. These tests consisted of 11 tasks classified 
as either near or far transfei^ tasks which were administered during 
the first andVhe second testing session and eight; tasks classified 
as either far or far-far transfer which were administered during the 
third testing Session. Children either had to serially order a set 
of materials or to- iB#«:t objects into a previously ordered set of 
materials * 



Findings ^ ' „^ . 

The collected data were analyzed utilizing a repeated measures mul^i- 
Varlate analysis of variance. The analysirs revealed' significant 
(0.05 level) treatment^ posttest (reten^lon)^ and test *type (trans- * 
fer) main effects. Additionally it revealed significant treatment X 
test type and treatment X posttest X test type interactions. Uni-^ 
varlate repeated measures analysis of variance "^techniques were' 
utilized as post hoc procedures. On t^e near transfer data a signi-. 
f leant treatment main effect was revealed with the experimental 
gtotip^s overall transfer mean.^ On the far transfer ddta a signlrf-. 
canf posttest maiti effect was revealed. Additional analyses were 
conducted wit}i the special control group which consisted of those 
children ascertained to be in -stage three seriation before the 
treatments^ and with the experimental and control groups separately.*^ 
.The r^qlts of these special analysis revealed that 132 days after 
instruction the experimental and special control groups did not 
differ significantly on any tasks^ but: that the control and 'tt^e 
special control groups did differ significantly on the near and 
the far transfer tasks. 
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iPterpre tat tons , 0 

The instructional treatment utilizing cuing and cue fading produced 
substantial durable chan^'ges in children's abilities tp per^rm 
specific serial ordering tasks. Therefore^ apparently the acquisi- 
tion of serial ordering capabilities depends in part on learning and 
not solely on the unfolding of some Intemal^ developmental structure 
or mechanism. 



ABSTRACTOR'S ANALYSIS ^ , 

In the Introduction of ^this article the authors cite the work of 
Plaget and colleag^es as influencing the rationale fop the study, 
/^ey contend that the results may Indicate that specific limited 
training can supplant the role played in cognitive development by 
massive general ^types of experience. The analysis of the data, 
reveals that this is apparently true. However^ If the theoretical 
basis of the study lie$ in the cognitive developmental ideas of 
Flagetf it appears ^as though differenlt treatments of the data or 
analysis mi^ht have been attempted. 

Inhelder and Plaget (1964^ p. ^9) have indicated that serial opera- 
tions Are simply an int^riorized result of previous ^activities. 
Their origin must be-sooght in sensori-motor schemata rather than 
in & purely perceptual schema. The operational. schema of serlation 
^8 anticipatory. Students realize In advance tihat^ when they are* 
faced with an ordering task or an insertion task that« by choosing 
ttie smallest element that remains in a set; they will eventually^ *^ 
build a series in , which each term is larger than the preceding ones. 
With this, operational view of sertation there Is no reason^ to*assume 
that within^ the anticipatory schema scoring' 80 percent on a group of 
serlation tasks is any better than scoring 66 percent on those same 
tasks^ What is important^ as far as cognitive development^ is the 
aacertained stag^of development or *the change in tne stage of c 
development. Similarly, even though significantly different than 



another group*3 scores^ does^ a score of 51.9 percfenfe^on far-far^ 
transfer tasks imply superionity in cdTgnitive develbpment'fll leVels? 
^Haybe or maybe not. If we are interested in cognitive development 
ve must^ as Inhelder^ Sinclair ^d Bovet p. 7) state^ *Weal±ze 

that it ±3 necessary to make a' distinction between what the subject 
learns from the.^i^ of view of the form or the logical-matheniatical 
fraBiework of the concepts — the reflective abstraction — and what he. 
learns from the point of view of the content"^ the concepts — the 
simple abstraction." If we are concerned about the formeri then we 
nu&t be concerned with the level of developtient of the child which J 
most times is mdre than percent of correct so I'^itions * If the con- 
t^t of ^he concepts Is important then the percent of correct 
responses is an appropriate concern. ^ 

This study seemed to not address either specific issue. .It initially 
assigned students to groups based upon their sewages in the d^elopjnent 
of serial ordering and^ then did not identify th|p stage of development 
af the children after the instructional treatment. : Additionally the 
^percentage scored on the tasks identified as far transfer and far-far 
transfer reveal percentages that would lead onfe" tp' douBt whether 
children initially identified as stage thr^e werev'actually in stage 
three. Or^ if the children are truly in stage three/ then perhaps 
the specific items .are requiring more than serla^'ion ability to 
cofiplete. Similarlyi if we are_ fhteresteii 4n the content of the 
coBcept then initially grouping the children bylefvels or stages of 

s * 

cogpltiye development on seriati^n tasks limits the generalizability 
of our findings. If the cuing and cde fading iifstructional treatment . 
does affect seriation ability^ it may be meaningful tfi know if it has 
parallel or disordinal , interaction effect on children at different 
cognitive levels. ^ 

The study is more meaningful when related to other studies in the' 
area of concept learning rather than coghi'tive dcfvelopment*^ Much 
of ^ the research' in this area has addressed itself to the dtial prob- 
lems of 'transfer, and retention. Jhis study expands that base of 
{c^OVledge by utilizing a cuiqg and cue fading instructional program 
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along with seriation activities. Additionally the identification 
of the levels of transfer of the post test 4:as|ts Is most u3eful.* 
The complete description of the ppe-test, instructional procedures 
' and materials, ^nd' post-tests is mos^ refreshing. More studies 
ahould report such important informati.on . Also the complete 
d^cription of how the snmple was obtained and how the data were 
analyzed is mo,st useful. 1^ isj however, impossible to tell from 
the article what was the conten& of part one and part two of the 
poat test. ""This may'be important not only from a developmental 
point of View' but also from a standpoint of analyzing cuing and* 
cue fading as a viable instructional method. We mu^t in this case 
be concerned not only with all levels of development but. also with 
the apecific typ'es of post test items., , * 

• ■ i ■ - • . • . ■ , 

From a retention 'point of view, this study Is most beneficial, ^saxy 
previpus retention studies have been conducted from a memory stand'- 

\ point with retention being viewed ^3 influenced by the processes of 
<£onsolidation of learned material by rehearsal and by activation 

> of a type of menory trace (Herriot, Green and McConkey). They 
believe that a memory trace undergoes deterioration over a period ^ 
of time, t;hus leading C/o forgetting especiall>r if the elapse(J time 
involved activity. The long-range retention results of this study 
appear to^ indicate that actually not much forgetting did iccur. 
Bowever, a perusal of the slopes of the lines representing the 
scores for the near and, far transfer ^eem to indicate that even- 
tually the control and the experimental groups' scores'will converge. 

In conclusion, the ^act that two research bases for this study were 
implied ma^es it^hard to ascertain the full importance o^f the study 
^ -for either area of research. Many procedures that are tiost useful 
In one area are not applicable to the other area.' Due' to the fact 
that percentages of correct response^^were the reported data> I 
would question the statement of the researchers that, contrary to 
Flaget^s ni>tion, specific short perlodi^^f Instruction lead to 
expanded cognitive development. In his article '^Cogi^tive Develop'- 
taent and the Learning of 'Elementary Concepts," J. F. Wohlwill aptly 



turns IIP the qlted i^esearch dilemma when he ^tated^ '*It Is'iiot only 
the acqulsltiom of a new response^ such that a child might -ream 
about ^bmethlng that he did not know before. It Is not the acqui- 
sition of facts or knowledge generally, but it Is a matter of 
giving Up one ty^e ofr^response which is extinguished whiie another 
one Is being developed. I Chink that when a learning interpreta- 
tion is advanced, this has to be 6orne in mind.'* 
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